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Application of Satellite Sensor Data and Models
for Energy Management

Erica Zell, Jill Engel-Cox, Richard Eckman, and Paul Stackhouse, Jr.

Abstract—Effective, environmentally sound development, pro-
duction, and delivery of energy depend on Earth monitoring
information. Satellite remote sensing data and products provide
unique, objective information that has the additional advantage
of yielding global, homogeneous, and repetitive coverage. Satellite
remote sensing data and products have been used extensively in
parts of the energy sector for applications ranging from clima-
tology to identification of solar and wind energy sources, yet there
is significant potential to expand energy applications. This paper
discusses the key energy sector organizations and decision-support
tools with the greatest potential to benefit from new applications
of satellite remote sensing data, identifies relevant remote sensing
data and products with a focus on NASA Earth science resources,
and provides examples that show the added value of the Earth
observations. These examples come from the application of NASA
data to solar energy information needs. Although continued work
for support of solar energy is warranted, this paper focuses on
areas identified with the greatest demonstrated potential for
new or expanded applications: renewable energy (specifically
wind, biomass, and hydroelectric resources), load forecasting, and
long-term energy modeling. This study also addresses the evolving
context of the Global Earth Observation System of Systems
(GEOSS), and the broader framework of integrating satellite
remote sensing into energy sector decision-support tools.

I. INTRODUCTION

E FFECTIVE management of energy resources is crit-
ical for the U.S. economy and environment and, more

broadly, for sustainable development and alleviating poverty
worldwide. Affordable, reliable, and secure energy supplies for
the global community will help address challenges in human
health, economic growth and expansion, and preservation of the
environment, among other areas. The scope of energy manage-
ment is broad, including: exploration, production, processing,
and transportation of fossil fuel and nuclear energy resources;
development and harvesting of renewable energy resources;
and generation and distribution of electricity and fuel. Energy
management also includes energy use and efficiency; models
and forecasting required for effective planning, operation, and
regulation of energy resources; assessment of emissions; and
mitigation and adaptation to climate change.
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In many of these areas, energy managers and regulators al-
ready find value in relying upon satellite remote sensing data for
key decisions or analyses, such as the use of climatology data in
the prediction of energy demand or, more recently, assessment of
solar radiation and wind resources [1]. The geophysical param-
eters being measured by remote Earth observation sources, and
the associated models and analysis systems, are increasing and
maturing rapidly. Satellite-based Earth science resources pro-
vide unique, objective data that have the additional advantage of
yielding global, homogeneous, and repetitive coverage. The de-
mand for more detailed weather and sector-specific information
such as wind speed and direction is increasing as energy tech-
nologies become more advanced. With the globalization of en-
ergy technologies, especially in developing countries, climato-
logical information is needed to fill spatial information gaps and
provide globally consistent information for energy project devel-
opment and operation [2]. To date, there has been much success
in the extension of satellite derived estimates of the derivation of
solar resources for solar energy applications, and now the Inter-
national Energy Agency is working to make these resources even
more accessible to governments and industry [3]. Beyond solar
energy applications, there is significant potential for the energy
management sector to benefit from increased extension of satel-
lite remote sensing data and products, as evidenced by targeted
examples provided in this paper. Decision-support tools main-
tained and operated by government, nongovernment, and private
energy sector organizations could benefit from new or increased
integration with satellite remote sensing data. These tools per-
form functions ranging from short- and long-term forecasting by
electric utilities to assessment of energy policies and regulation
strategies by government agencies.

Given the need for innovative, research-focused applications
of satellite remote sensing in the energy sector, this paper serves
as a case study focusing on the scientific resources of the U.S.
National Aeronautics and Space Administration (NASA), a key
provider of satellite remote sensing data and products. A similar
case study could be prepared focusing on scientific resources of
other major space agencies such as the European Space Agency.
This paper examines energy management areas with the greatest
potential to benefit from new or expanded satellite-based sci-
ence data products and models. Three major areas of focus were
selected [4]:

• renewable energy (specifically wind, biomass, and hydro-
electric power);

• load rorecasting;
• long-term energy modeling, and climate change impacts

on the energy sector.
For each area, the paper provides a brief introduction of cur-

rent issues and discusses the key energy sector organizations and
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decision-support tools with the greatest potential to benefit from
new applications of satellite remote sensing data. The paper
also identifies relevant remote sensing data and products with
a focus on NASA Earth science resources, and provides spe-
cific examples of either current value being derived by energy
sector organizations from Earth observations or demonstrated
potential benefits that can be achieved based on ongoing proto-
type demonstration projects. The paper concludes with the chal-
lenges of integrating satellite remote sensing into energy sector
decision-support tools, as being addressed in the development
of the Global Earth Observation System of Systems (GEOSS),
such as parameterization and postprocessing to translate data to
useful information.

II. APPLICATION AREAS

A. Wind, Biomass, and Hydroelectric Renewable Energy

1) Current Issues: Renewable energy resources are natu-
rally replenishing but flow-limited, including resources such as
wind, biomass, hydropower, solar, geothermal, ocean thermal,
wave action, and tidal action. Globally, wind energy is one of
the fastest growing forms of renewable electricity generation.
Wind power provided approximately 44% of total U.S. renew-
able production in 2006 [5]. Current issues include wind energy
forecasting, grid integration of wind energy, improving wind en-
ergy technologies for lower wind resource areas, and siting and
operation of offshore wind power facilities, particularly in the
U.S. Unlike European offshore wind energy sites, many poten-
tial U.S. offshore locations are more exposed to severe environ-
mental conditions and will require the application of new infor-
mation and technologies to be sited in deeper waters with greater
wind and wave forces [6].

Of the other significant forms of renewable energy, hydroelec-
tricandbiomassarepromisingfornewapplicationofEarthobser-
vation datasets. There are approximately 75 000 dams in the U.S.,
of which 3% are used for hydroelectric power generation [7]. The
total U.S. hydroelectric capacity (including pumped storage) is
103.8 GW (8% to 12% of total U.S. electricity generation). World
hydroelectric capacity generates approximately 20% of the elec-
tricity in the world [8]. Hydroelectric power is a mature energy
source and major reservoirs have been completed in the United
States. Nevertheless, the operation and relicensing of these facili-
ties require considerable amounts of environmental information.
Theconstructionofdamscontinuesworldwide,whiledeveloping
nations seek new sources of power. Issues such as endangered
fish, overallocated water resources, and climate variability also
depend on new and better sources of information on water avail-
ability and use, which NASA science data products and models
may be able to provide.

The development of biomass energy in the U.S. was given
a Federal priority through the Biomass Research and Devel-
opment Act of 2000 [Title III of Public Law (PL) 106224]
and the subsequent Energy Policy Act of 2005 (P.L. 109190),
which authorized funding and launched Federal initiatives
to promote the use of biomass energy sources and biobased
products. Biomass energy includes liquid fuels, electricity, and
industrial heat/steam derived from plants and plant-derived
materials, including wood, food crops, grassy and woody

plants, residues from agriculture or forestry, and the organic
component of municipal and industrial wastes [9]. Biomass
is the only renewable source of liquid fuels, in the form of
biodiesel and ethanol. Recent attention has focused on cellu-
losic ethanol, derived from plants and grasses, as an alternative
fuel or octane-boosting, pollution-reducing gasoline additive
[10]. Electricity is generated by direct firing biomass or cofiring
with fossil fuels to run gas or steam turbines.

In addition to looking independently at different types of re-
newable energy, there is currently a focus on integration of mul-
tiple types of renewable energy into a comprehensive solution to
meet energy needs. For example, the integration of wind and hy-
dropower can help improve overall energy system performance.
Many renewable energy types such as wind, hydroelectric, and
biomass are linked by their dependence on weather and climate
conditions and, thus, may benefit from similar datasets.

2) Organizations and Decision-Support Systems: The orga-
nizations involved in wind, hydropower, and biomass energy
include key Federal and state agencies and organizations; the
public, semi-public, and private organizations that run genera-
tion facilities and the electrical grid; and nonprofit industry as-
sociations.

Government Wind Programs: The U.S. Department of En-
ergy (DOE) is the lead U.S. Federal agency for wind energy.
Among DOE’s programs focusing on wind power is the Wind
and Hydropower Technologies Program, including the Wind
Powering America initiative established by DOE in 1999 to dra-
matically increase the use of wind energy in the U.S. In support
of the Wind Powering America initiative, the DOE National Re-
newable Energy Laboratory (NREL) has developed numerous
decision support tools and datasets. For example, NREL de-
veloped updated high-resolution wind maps for more than 30
states, based on modeling that maps the wind resource at hori-
zontal resolutions of 1 square kilometer or finer [11]. NREL also
developed the Hybrid Optimization Model for Electric Renew-
ables (HOMER), a computer model that simplifies the task of
evaluating design options for both off-grid and grid-connected
power systems, including distributed generation applications.
HOMER is a model for specific distributed energy projects, al-
though NREL has run the system for an entire state as a means of
more regional planning [12]. HOMER is used most frequently
for modeling of solar energy systems, and is supported by the
National Solar Radiation Database.

In addition, governmental, nongovernmental, and interdisci-
plinary organizations at the regional and state levels in the U.S.
are actively investigating the viability of offshore wind power
generation. For example, on the U.S. East Coast the Virginia
Coastal Energy Research Consortium was created by state law
as an interdisciplinary study, research, and information resource
for Virginia, with an initial focus on offshore winds, waves, and
marine biomass. State utility commissions typically have a role
in reviewing and permitting wind generation projects and, thus,
are also engaged in this sector.

Private Developers of Wind Facilities: There are numerous
private companies involved in the development of wind power
facilities on land and offshore. For example, BluewaterWind
is a developer of offshore wind energy projects that currently
has projects in various stages of development in Delaware,
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New Jersey, New York, and Rhode Island. Bluewater Wind
has proposed a project off the coast of Delaware consisting
of 150 turbines that would come online by 2014 to supply
Delmarva Power with a renewable energy source [13]. The
General Electric Company (GE) is another major player in this
field. In March 2006, NREL signed a $27 million contract with
GE to develop a new offshore wind power system over the next
several years [14]. DOE is providing about $8 million for the
project, which will design, fabricate, and test an offshore wind
turbine capable of producing power at a cost of five cents per
kilowatt-hour. The decision-support systems for private devel-
opers focus on the assessment of wind resource availability
and economic viability. Such major projects represent potential
opportunities for the remote sensing community to engage
private developers by providing critical data on wind resources.

Electric Power Research Institute: The Electric Power Re-
search Institute (EPRI), an independent nonprofit center for en-
ergy and environmental research, helps member utilities address
current issues associated with incorporating increasing amounts
of renewable energy into their power systems. For example, with
respect to wind power, EPRI has worked with the California En-
ergy Commission on regional and wind plant-specific wind en-
ergy forecasting systems that will help utilities coordinate wind
resources with other generating options. These systems have
produced both same-day and next-day hourly forecasts of wind
speed and energy generation for major wind resource areas of
California [15].

DOE Hydropower Program: The mission of the DOE Hy-
dropower Program is to research, develop, and promote the tech-
nical, societal, and environmental benefits of hydropower, in-
cluding cost-competitive hydropower technologies to develop
new and incremental capacity [16]. The Program’s decision-
support systems include the Hydropower Evaluation Software
to evaluate the environmental impact of hydropower sites, Vir-
tual Hydropower Prospector to locate and assess natural stream
water energy resources, and state and national hydropower re-
source assessment reports.

Hydroelectric Facility Operators: Hydroelectric facilities in
the U.S. are operated by both Federal and nonfederal organi-
zations, with the larger dams operated by the Federal govern-
ment. The Federally-run hydroelectric power plants are oper-
ated by agencies with varying degrees of Federal support and
authority. For example, the Tennessee Valley Authority (TVA)
is a Federal corporation and the largest U.S. public power com-
pany; TVA operates 29 dams [17]. The U.S. Army Corps of En-
gineers (USACE) operates 75 hydroelectric facilities producing
one-fourth of the U.S. hydroelectric power [18]. The USACE In-
stitute for Water Resources supports some of the decision-sup-
port systems for hydroelectric power, such as the Hydrological
Modeling System [19]. As part of their operations, the facili-
ties use temperature, precipitation, stream flow volume, snow
pack/runoff, and reservoir height to make decisions in opera-
tions. For the U.S. Pacific Northwest, these data are provided
by the U.S. National Oceanic and Atmospheric Administration
(NOAA) National Weather Service Northwest River Forecast
Center [20]. Other regions rely on a combination of data from
the National Weather Service and gauges and monitors operated
by the organizations running the dams.

Federal Biomass Programs: The Biomass Research and
Development Initiative is a partnership among DOE, U.S.
Department of Agriculture (USDA), and other U.S. Federal
agencies to coordinate and accelerate all Federal biobased
products and bioenergy research and development [21].
NREL’s Biomass Program focuses on biomass characteri-
zation, conversion technologies, product development, and
process engineering, as well as biomass in photochemical and
environmental applications. NREL is also the lead national
laboratory of the National Bioenergy Center, with an emphasis
on decreasing the costs of cellulosic ethanol so that it is cost
competitive with gasoline produced from petroleum by 2030
[22]. The U.S. Environmental Protection Agency (EPA) Cli-
mate Change Division includes a focus on the environmental
and cost implications of bioenergy initiatives, and improving
the way biofuels are characterized in regional to global models
[23].

Independent System Operators (ISOs), Regional Transmis-
sion Operators (RTOs), and Electric Utilities: ISOs and RTOs
are responsible for coordinating, controlling, and otherwise
monitoring the operation of the electrical power system and
transmission grid. Some ISOs and RTOs also act as a market-
place of wholesale power, so they are especially interested in
complete information on current and future conditions in the
service area. One example of an RTO is PJM Interconnection,
the world’s largest electric grid control system, controlling the
electric grid in the Northeast and Mid-Atlantic U.S. PJM is
currently facing requirements to accept electricity generated by
wind power onto the grid and, therefore, has a need to better
anticipate wind generation output on a day-ahead basis. This
need is new enough that no major mature decision-support
systems are yet available to support wind forecasting.

3) Candidate NASA Science Data Products: The renewable
energy field is still developing and, thus, is generally open to the
use of new and innovative datasets. NASA datasets have been
valuable to the solar and wind energy sectors through the iden-
tification of available peak solar and wind resources, most no-
tably the NASA’s Surface meteorology and Solar Energy (SSE)
prototype website [24], [25]. NASA satellite data have also con-
tributed substantially to the UNEP-maintained Solar and Wind
Energy Resource Assessment (SWERA), which provides on-
line high-quality renewable energy resource information at no
cost to the user for countries and regions around the world.
In addition, data on near-surface offshore wind speed and di-
rection from the SeaWinds sensor on the NASA’s Quick Scat-
terometer (QuickSCAT) platform have been used to analyze off-
shore winds, for example, off Denmark’s coast [26]. Recently,
a new algorithm to estimate near-shore winds is being tested
using measurements from NASA’s Cloud-Aerosol Lidar and
Infrared Pathfinder Satellite Observation (CALIPSO) mission
[27]. NREL wind resource assessment maps may benefit from
improved atmosphere modeling data, such as outputs of the
NASA Global Modeling and Assimilation Office Atmosphere
Model (GMAO) Goddard Earth Observing System (GEOS) as-
similations. For bioenergy, NASA science data products related
to leaf area index, normalized difference vegetation index, pre-
cipitation, and soil moisture have been used in partnership with
USDA to assess crops and productivity.
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Key general areas where NASA resources are applicable for
renewable energy are the identification of the quantity of re-
sources, location for siting generation facilities, forecasting gen-
eration outputs, and planning and optimization of production.
Potentially relevant remote sensing resources include:

• solar radiation (including various components) and angle;
• meteorology data, specifically wind speed, cloud cover,

aerosols, and rainfall;
• surface properties including vegetation, soil type, surface

temperatures, soil moisture, and snow cover;
• biomass parameters, such as climate, soil, and vegetation

data;
• reservoir height;
• water availability.

TableI lists sensors, models, and analysis packages and proto-
types that may serve as a basis for further developing the appli-
cation of NASA resources to wind, hydroelectric, and biomass
renewable energy.

4) Examples Showing Value: Satellite-derived solar en-
ergy parameters are currently adding value for energy sector
organizations by improving decisions on siting, design, and
operation of solar energy facilities. NASA’s Surface Meteo-
rology and Solar Energy (SSE) prototype website [28] contains
approximately 200 satellite-based and model analysis derived
meteorology and solar energy parameters, both directly as data
sets and charts, and as input to decision-support systems. Since
the first release of the SSE in 1997, website hits have grown
to about 170 000 per month (peak month was 280 000), for a
cumulative total of 7.5 million hits, with 72% of the activity
from businesses. An example decision-support system that
pulls data directly from SSE is Natural Resources Canada’s
RETScreen International Clean Energy Project Analysis Soft-
ware [29]. RETScreen was developed in partnership with many
multilateral and government organizations, including NASA.
RETScreen is used to evaluate the energy production and sav-
ings, life-cycle costs, emission reductions, financial viability
and risk for various types of energy efficient and renewable
energy technologies for projects worldwide. RETScreen’s
climate database uses the NASA SSE solar and temperature pa-
rameters at every city that does not have surface measurements,
providing an estimate of these parameters for every city in the
world with a population of greater than 4 permanent residents.
RETScreen has approximately 140 000 users in 222 countries.
A 2004 study [30] estimated user savings of $600 million from
the use of RETScreen software and related tools, and projected
user savings of $7.9 billion by 2012.

The benefits of Earth observations for biomass energy are
primarily in a demonstration phase. NASA has a long-standing
partnership with USDA demonstrating that measurements from
Earth observing spacecraft provide valuable information on
crop production, yield, and condition. Current work with the
USDA National Agricultural Statistics Service and Foreign
Agricultural Service (USDA-FAS) focuses on global and do-
mestic crop assessments to assist end users in making decisions
on planting, harvesting, marketing, commodity export and
pricing, drought monitoring, and food assistance [31].

The potential benefits of Earth observations for forecasting
offshore wind energy are highlighted by a study for the New

York State Energy Research and Development Authority on the
value of an improved wind forecast [32]. The purpose of the
study was to produce empirical information to assist the New
York Independent System Operator (NYISO) in evaluating the
reliability implications of increased wind generation, given the
variability of wind-generated electricity output. An hourly pro-
duction simulation analysis was performed to examine the im-
pact of 330 MW wind generation on overall operation of the
NYISO grid. An hourly analysis of load and wind was car-
ried out for 2001 to 2003, including production cost simula-
tion. The value of forecast accuracy showed that the system
variable cost reduction is $25 million for using a perfect wind
forecast (backcast) compared to a state-of-the-art wind forecast.
Satellite-derived information on wind speed and direction along
with meteorological models have the potential to assist with
wind forecasting. The NASA SeaWinds sensor provides sea sur-
face winds over the open ocean and the CALIPSO instrument
shows potential for doing the same, but even closer to shore. To-
gether, these measurements are important for establishing wind
resources in the open ocean, and ultimately forecasting offshore
wind resources.

B. Load Forecasting

1) Current Issues: The energy sector uses short-term (1 h
to 2 weeks) load forecasting models to adjust electricity gen-
eration to meet demand and to optimize generation and pur-
chase of lower cost power sources. Several basic load models
exist, one of the most common types being artificial neural net-
work models. Statistical regression models are also used to es-
timate load. A major current issue with load forecasting models
is that they are not as accurate as desired by utilities, as indi-
cated by utilities utilizing both in-house and privately devel-
oped load forecasting tools [33]. Certain weather events, such
as fronts stalled over a utility’s service area, variations in cloud
cover, and regions with microclimates (e.g., the San Francisco
Bay area) have proved particularly challenging for load fore-
casters. The shortcomings of load forecasts are often the result
of coarse resolution or limited point source weather data that do
not capture local-scale weather events.

2) Organizations and Decision-Support Systems: A variety
of nonprofit organizations, government entities, consulting
companies, electric utilities, and transmission system operators
participate in the load forecasting arena. The role of each of
these stakeholders along with the relevant decision-support
systems are discussed in this section.

Electric Power Research Institute: EPRI was heavily in-
volved in short-term load forecasting in the 1980s and 1990s,
although this work has since been greatly reduced due to an
unbundling of EPRI’s services. More recently, EPRI has sup-
ported two major load models for forecasting, an older model
called the Hourly Electric Load Model (HELM) and a newer
model called the Artificial Neural Network Short-Term Load
Forecaster (ANNSTLF). ANNSTLF forecasts hourly system
loads from 1 h to 35 days ahead with errors less than 3%
based on historical load and temperature forecasts [34]. The
temperature forecasts used by ANNSTLF are based on ten-day
NOAA National Weather Service predictions, and sometimes
on commercial weather provider forecasts [35].
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TABLE I
CANDIDATE DATA PRODUCTS FOR RENEWABLE ENERGY IN WIND, HYDOELECTRIC, AND BIOMASS

Commercial Vendors, Electric Utilities, and Gas Companies:
For short-term load forecasting, a majority of electric utilities
rely on some combination of their own in-house forecasters and
commercial vendors [36]. Load forecasting tools predict future
load based on the inputs of historical load and meteorolog-
ical data, and forecast weather, primarily from ground-based
weather stations at airports. The actual weather data input
into models often comes from a private value-added weather
provider that enhances or reprocesses government-generated
weather information. Commercial vendors such as New En-
ergy Associates have developed sophisticated neural networks
to predict system load. For example, New Energy’s NOS-
TRADAMUS is neural network-based, short-term demand
and price forecasting system, used by electric and gas utilities,
system operators and power pools, electric cooperatives, energy
marketers, and gas pipelines. The electric utilities and com-
mercial vendors also perform some medium-term forecasting
(i.e., roughly six months to one year) through examination of a
combination of financial information, past weather trends, and
similar days to predict loads.

Independent System Operators (ISOs) and Regional Trans-
mission Operators (RTOs): As discussed previously, ISOs and
RTOs are responsible for coordinating, controlling, and other-
wise monitoring the operation of the electrical power system and
transmission grid, and may also act as a marketplace of whole-
sale power. ISOs and RTOs produce their own load forecasts for
1 to 14 days for state to regional service areas. The sophistica-
tion of ISOs and RTOs in their load forecasts varies, with some
relying on commercial vendors and others developing in-house
models that incorporate historical load, historical temperature,
and forecast weather conditions [37]. Given that weather con-
ditions and forecasts are limited to ground-based stations (often
airports), there is a potential for satellite remote sensing data to
help fill gaps and improve load forecasting performance.

3) Candidate NASA Science Data Products: Historical
and predicted meteorological information is central to load
forecasting. Such information can be enhanced by satellite
remote sensing information through organizations such as the
NASA Marshall Space Flight Center Short-term Prediction
Research and Transition (SPoRT) Center, which infuses Earth
Science observations, data assimilation, and modeling research
into NOAA National Weather Service forecast operations and
decision-making at the regional and local levels.

Beyond these specific integrated services, the general remote
sensing parameters and models that may be useful for load fore-
casting include:

• meteorology data, including atmospheric temperature,
cloud cover, and visibility;

• surface properties including vegetation, soil type, surface
temperatures, soil moisture, and snow cover;

• solar radiation (and related quantities)
• seasonal climatology models.
TableII lists sensors, models, and analysis packages and pro-

totypes that may serve as a basis for further developing the ap-
plication of NASA resources to load forecasting.

4) Examples Showing Value: The application of NASA Earth
observations and model outputs to improve meteorological in-
formation for load forecasting is relatively new. Studies have
documented the potential benefits of improving weather fore-
casts. For example, U.S. electricity generators save $166 mil-
lion per year by using 24-h temperature forecasts to improve
the mix of generating units available to meet demand. The in-
cremental benefit of improving forecast accuracy is estimated to
be about $1.4 million per percentage point of improvement per
year. For a 1 C improvement in accuracy, the benefit is about
$59 million per year [38]. NASA is currently pursuing a project
to identify and quantify the benefits of incorporating NASA
Earth observations and model outputs into load forecast models.
This project will seek to improve the accuracy of the load fore-
casted by NewEnergy Nostradamus, and transfer this capability
for broader application. Nostradamus is flexible enough to ac-
cept high-resolution satellite or weather forecast model data and
parameters available from NASA resources. The results of the
project, expected to continue through 2010, will be identifica-
tion of the regions, parameters, seasons, and other variables that
affect the value that can be derived from Earth observations for
load forecasting. Preliminary work on this project focused on
gas utility forecasting indicates there is a potential for load fore-
casting accuracy improvement by using NASA data to improve
the spatial resolution and consistency of weather inputs. The im-
provements to the load forecasts appear to be in the timeframe
of greatest need, during peak consumption.

C. Long-Term Energy Modeling and Climate Change Impacts
on the Energy Sector

1) Current Issues: Long-term modeling includes every-
thing from planning by utilities for developing and managing
production over a 1- to 30-year period, to scenario analyses
by governments and international organizations for setting
regional and national energy policies on long-term timescales
(10 to 50 or more years). Utilities use inputs such as historical
and projected loads, meteorological and climate data, available
energy sources, resource availability, environmental impacts,
and economic data for long-term modeling and planning.
Due to changes in the structure of the electricity industry,
in recent years electric utilities have had a reduced focus on
justifying long-term demand to state commissions in order
to receive project approval. Instead, the focus has shifted to
economic/business analysis of potential projects by electric
utilities and investors, which includes consideration of resource
availability, prices, and demand, among other factors.

Scenario analyses by governments and international organi-
zations often involve integrated assessment models, which link
individual models by bringing together a broad set of areas,
methods, styles of study, or degrees of certainty. Such models
can contain somewhat arbitrary assumptions about the range of
future conditions, and could benefit from more direct use of
satellite data and modeled products.

A related aspect of long-term energy modeling is the impact
of climate change on energy management. This impact has re-
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TABLE II
CANDIDATE DATA PRODUCTS TO ENHANCE MEDIUM-TERM ENERGY FORECASTING TOOLS AND SERVICES

TABLE III A
CANDIDATE DATA PRODUCTS FOR LONG-TERM CLIMATE MODELING

TABLE III B
CANDIDATE DATA PRODUCTS FOR LONG-TERM CLIMATE MODELING

ceived little attention in current energy models. Government
policymakers and electric utility planners are interested in cli-
mate change information on a variety of different scales. The
most relevant information for electric utility planners is the re-
gional and temporal allocation of climate change rather than in-
formation on overall, long-term global trends. Changes in clima-
tology, which form the basis for system design and contingency
planning, could have a variety of impacts on the energy sector,
including:

• changes in wind speed and wind patterns relevant to wind
power;

• changes in precipitation patterns impacting water supply
available for hydroelectric power generation;

• changes in cooling water availability for thermal power
plants;

• changes in biomass location and quantity impacting
biomass power generation and carbon sequestration;

• changes in percent cloud cover relevant to solar energy
generation;

• changes in demand for energy for cooling, air condi-
tioning, and heating, depending on the expected tempera-
ture changes for a particular location;

• increased storm frequency and intensity or wildfires that
could lead to increased disruptions in power production
and transmission;

• sea-level change that could impact coastal refineries and
production facilities.

2) Organizations and Decision-Support Systems: A variety
of government agencies, nonprofit organizations, and private
companies conduct long-term energy modeling to meet their
own or support others’ specific decision-making needs. Histor-
ically, a number of DOE national laboratories along with EPRI
and other groups produced energy forecasts. The DOE Energy
Information Administration (EIA) is a major player in this area
since it develops and maintains a number of related long-term
energy models. However, due to a number of factors including
deregulation in some U.S. states, many of these forecasts are
no longer produced, leaving the EIA models and publications
as important sources that feed into multiple models and deci-
sion-support tools [39]. Other organizations involved include
individual electric utilities, commercial vendors, DOE’s Pacific
Northwest National Laboratory (PNNL), and the International
Energy Agency (IEA).

Commercial Vendors and Electric Utilities: Similar to load
forecasting, electric utilities rely on some combination of their
own in-house staff and commercial vendors for long-term plan-
ning. In general, planning by utilities assumes that the future
climate will be the same as the past. Utility planners have ex-
pressed a need for relevant decision-support systems and data
for treating climate variability, where, for example, certain re-
gions do not experience weather as cold as they did 40 years

ago [40]. In August 2007, the Tennessee Valley Authority had
to suspend operation of one unit at its Browns Ferry nuclear
plant in Alabama because the Tennessee River was too warm
to provide adequate unit cooling [41]. Events such as this high-
light the need for utilities to consider longer-term scenarios of
climate change such as those from NASA models, but scaled
down to a regional or local level.

Energy Information Administration (EIA): The EIA is an
independent statistical agency of the DOE. The EIA provides
policy-independent data, forecasts, and analyses to promote
sound policymaking, efficient markets, and public understanding
regarding energy and its interaction with the economy and the
environment. One of the major tools that EIA uses for its fore-
casts is the National Energy Modeling System (NEMS) [42].

NEMS is a computer-based, energy-economy modeling
system of U.S. energy markets for the mid-term period through
2025 used by EIA to project the energy, economic, environ-
mental, and security impacts on the U.S. of alternative energy
policies and different assumptions about energy markets. The
model includes supply, conversion, demand, and integrating
modules [43]. The model achieves a supply/demand balance in
the end-use demand regions by solving for the prices of each
energy product that will balance the quantities producers are
willing to supply with the quantities consumers wish to consume.
NEMS relies on input data such as economic information and
historical environmental information from a variety of sources.
For example, the National Solar Radiation Database (NSRDM)
is incorporated into the renewable energy portion of NEMS.
NASA is partnering with NREL to provide assessment and
supplemental information for NSRDB. However, NEMS does
not incorporate current or projected (modeled) environmental
data.

Pacific Northwest National Laboratory (PNNL): PNNL, a
DOE national laboratory, has developed two related integrated
assessment models: MiniCAM (Mini Climate Assessment
Model) and SGM (Second Generation Model). The MiniCAM
has been used for a wide range of studies of strategies to
stabilize atmospheric concentrations, focusing on the role of
technologies, such as simulations for the U.S Climate Change
Technology Program. The SGM is one of several process-based
models that are used for focused studies. The SGM is a com-
putable general equilibrium model with energy technology
detail that is used for analysis of climate policies over the next
several decades. NASA solar data and ocean wind parameters
have been used to provide a background climatology for these
simulations.

3) Candidate NASA Science Data Products: With climate
change uncertainty and rapidly growing energy needs, the need
for better and more relevant data for long-term energy models
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is significant. However, the task of integrating climate change
information must account for the uncertainty in both climate
change models and the other complex sets of assumptions and
calculations that are part of long-term energy modeling. Be-
cause of its leadership in the development of climate models and
the integration of datasets in these areas, NASA is a potentially
important source of information for long-term modeling. For
example, energy resource modelers at PNNL and beyond have
identified specific areas for which more direct use of satellite
data could replace current assumptions such as wind variance,
particularly over coastal areas. In addition, the scale of NASA
science data products and model outputs is important. NASA is
currently involved in downscaling global climate change models
to assess regional climate change variability, a scale that is crit-
ical for local and regional decision-makers. For example, the
NASA Goddard Institute for Space Studies is working on down-
scaled global circulation model predictions, which can be used
to inform decision-making for energy load forecasting.

The general remote sensing parameters and models that may
be useful for long-term modeling are as follows:

• meteorology data;
• climate models;
• renewable energy resources, such as solar radiation and

wind sources, and expected changes to those resources due
to long-term climate changes;

• general circulation models and other climate models.
Tables III A and B list sensors, models, and analysis packages

and prototypes that may serve as a basis for further developing
the application of NASA resources to long-term energy mod-
eling.

4) Examples Showing Value: Earth observations and model
outputs are currently helping energy sector stakeholders address
potential impacts from climate change by supporting deploy-
ment of clean energy technologies. For example, a 2004 study
[44] estimated that RETScreen is contributing to the deployment
of $1.8 billion worth of clean energy technologies worldwide,
and helping stakeholders take action to reduce greenhouse gas
emissions in the order of 630 kilotons CO /yr to-date and a pro-
jected 20 Megatons CO /yr by 2012. Further examples will be
forthcoming as NASA is engaged with NREL and NOAA on
seasonal weather prediction, and with additional partners on cli-
mate and long-term market prediction.

III. DISCUSSION AND CONCLUSION

The potential for satellite remote sensing to contribute to
energy management hinges on an appropriate framework. This
case study highlights the need for increased collaboration
between satellite remote sensing organizations and the energy
sector, and prototyping of projects to establish specific param-
eter requirements and postprocessing needs.

The involvement of energy sector organizations at an early
stage in satellite product development would allow energy
sector decision makers to guide the development and avail-
ability of satellite sensor data and models that would be most
useful for their own decision needs. Further, it would be ben-
eficial to form partnerships between satellite sensor scientists
and energy management organizations at an early stage in
the development or enhancement of energy decision-support

systems, so they can be based on integration of current or
future satellite remote sensing data products. The need for early
partnerships and development of prototype projects was also
echoed by a preliminary engagement of interested parties and
potential stakeholders at a breakout session on Earth Observa-
tion Systems and Energy Programs at the National Council for
Science and the Environment’s national conference [45]. In the
case of solar energy, the involvement of dedicated grassroots
stakeholders in the solar energy field and a focused national
laboratory significantly improved the availability and usability
of NASA data relevant to solar energy. This stakeholder-driven
model should be applied to wind energy and other renewable
and distributed energy applications. For more centralized
initiatives, such as Federally run hydroelectric facilities and
long-term energy modeling, NASA working with a core set
of existing partners, specifically the USACE and DOE (EIA,
NREL, and other national laboratories), would be the most
effective means to bring satellite remote sensing resources to
the energy sector.

A key aspect of integrating satellite remote sensing data and
model outputs into energy sector decision-support tools is trans-
lating it into useful information from the perspective of the user.
In some cases, processed information from a single sensor or
combination of sensors may be most useful to energy stake-
holders. However, sensors do not always provide the required
temporal and spatial averaging, and, therefore, the output of
models may be a more appropriate finished product for energy
stakeholder use. Climatological datasets are frequently used as
a proxy to estimate the likelihood of future events. Thus, the use
of deterministic seasonal prediction models may also be useful.
By establishing partnerships early on between satellite scien-
tists and energy sector stakeholders, these important issues can
be addressed so that there is a data user pull rather than a pro-
ducer push of the Earth observation data.

TheimportanceofEarthmonitoringinformationfor theenergy
sector is particularly timely given the evolving development of
the Global Earth Observation System of Systems (GEOSS). The
GEOSS 10-year implementation plan [46] defines the purpose of
GEOSStoachievecomprehensive,coordinatedandsustainedob-
servations of the Earth system and identifies nine societal benefit
areas including improving the management of energy resources.
A GEOSS Energy Strategic Plan is currently under preparation.
Renewable energy is included under the GEOSS societal ben-
efit area to better monitor and manage energy resources and is
included in the GEOSS ten-year implementation plan and sup-
portingdocuments,specificallyunderstandingandoptimizingre-
newable energy potential (development, siting, and incorpora-
tion into the electrical grid) [47], [48]. Likewise, the U.S. compo-
nents of GEOSS, the United States Group on Earth Observations
[49] (USGEO) defines nine societal benefit areas including mon-
itoring and managing energy resources, with a focus on improved
Earthobservationstooptimizedecision-making,provideandpro-
tect energysupply, andprotect the environment and human health
[50].

Improved load forecasting through use of integrated remote
sensing data will help GEOSS and USGEO achieve the soci-
etal benefit to improve management of energy resources. Sim-
ilarly, improved long-term forecasting will address the GEOSS
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societal benefit of improving management of energy resources,
specifically better energy planning, adaptation to climate vari-
ability, and reduction of risk to energy infrastructure due to cli-
mate change. The wind and solar energy sectors are examples of
those already benefiting from satellite remote sensing data and
products, and there are many other opportunities for potential ap-
plications in the energy sector. Our research indicates that load
forecasting, long-term energy modeling, and renewable energy
(particularly wind, biomass, and hydroelectric energy) are areas
with the greatest demonstrated potential to benefit from new ap-
plications of satellite remote sensing data and products. Con-
nectingsatellite remotesensingdata toenergysector(andbroader
societal) needs will increase in importance given the evolving
context of GEOSS. The potential partnerships suggested in this
study should be reinforced through the development and support
of prototype energy sector projects. By establishing these part-
nerships and developing a process and projects to maintain and
build upon them, satellite remote sensing data providers and the
energy sector can work synergistically to improve decision-sup-
port systems,providingbenefits toenergysectorstakeholdersand
society as a whole. The critical ingredient for success is the in-
volvement of champions from both the satellite remote sensing
community and the relevant energy sector.
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